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Pig and human epidermis were mechanically disrupted with a Polytron homogenizer and 
mitochondria and nuclei were isolated from homogenates in buffered sucrose and 2.5% citric 
acid solution, respectively, by differential and density-gradient centrifugation. Examination 
of the mitochondrial preparations by electron microscopy and the assay of several marker 
enzymes indicated that they consisted mostly of mitochondria with some microsomal 
contamination. The nuclear preparations were substantially free from contaminants as 
judged by particle counts with the aid of phase and electron microscopy . The lipid 
compositions of the mitochondria from both species were characterized by a high concentra-
tion of cardiolipin and low concentration of cholesterol and sphingomyelin and an absence of 
glycosphingolipids as compared with the lipid composition of the whole epidermal cell. The 
lipid compositions of the nuclei were characterized by a high proportion of phosphatidyl 
choline and an absence of glycosphingolipids. The neutral lipids accounted for an unusually 
high proportion of the total lipids especially in human epidermal nuclei. Although the 
technical difficulties in isolating subcellular organelles from mammalian epidermis limit the 
yield and quality of the mitochondria, these preparations as well as those of nuclei are 
superior to preparations reported previously and are pure enough for a valid comparison with 
other membrane systems of the epidermal cell. 
In the course of its transition from the basal 
membrane of the epidermis to the outer surface of 
the stratum corneum, the epidermal cell undergoes 
a considerable physical transformation [1 ). There 
is loss of internal structural organization and 
deposition of keratin within the cell, the end 
product being the large, flat, keratinized squamous 
cell of the stratum corneum. The loss of mem-
branes from mitochondria , endoplasmic reticulum, 
nucleus, etc . and the deposition of keratin appear 
to occur during passage of the cell through the 
granular layer of the epidermis and although the 
molecular mechanisms of these two processes are 
not understood , they seem to be closely related. 
Since a knowledge of these processes is relevant to 
several pathologic conditions characterized by ab-
normal keratinization (e.g., psoriasis and ichthyo-
sis), a study of membrane breakdown in the 
epidermal cell is of considerable interest . Mem-
brane breakdown is invariably associated with the 
loss of phospholipid and the rate of breakdown of 
the different subcellular structures may be de-
pendent on their lipid compositions. The lipid 
compositions of subcellular components of the 
epidermal cell are not known. In this paper we 
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describe the isolation and lipid composition of 
mitochondria and nuclei from the cells of pig and 
human epidermis. 
Because of the toughness of skin tissue and the 
extreme resistance of epidermal cell suspensions to 
homogenization by conventional means, few previ-
ous attempts to prepare either mitochondria or 
nuclei have been made. Rosett et al [2], Bagatell 
et al [3 ], and Bhattacharaya and Carruthers [4] 
isolated mitochondria from homogenates by differ-
ential centrifugation procedures but electron mi-
croscopy of their preparations indicated gross con-
tamination by other particulate matter and no 
other criteria of purity were given. Bhattacharaya 
and Carruthers (4] also described the isolation of 
nuclei from human epidermis. Again no criteria of 
purity were given and the preparation was not 
examined by electron microscopy. Under phase 
contrast microscopy the nuclei appeared damaged 
and the preparation contained other cell frag-
ments. By homogenizing epidermis under con-
trolled conditions and using density-gradient cen-
trifugation we have obtained good preparations of 
nuclei and reasonably pure preparations of mito-
chondria which, by established criteria , are very 
much better than earlier preparations. 
MATERIALS AND METHODS 
Protein was estimated by the method of Lowry et al [5] 
and DNA by the method of Burton [6 ]. 
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Preparation of Porcine and Human Epidermal 
Mitochondria 
Pigs' tails were obtained from the abattoir within 2 hr 
of death. Tails were cleaned with a 5% solution of 
Cetrimide and thoroughly washed with water. The skin 
was dissected away from the tails and hair removed with 
clippers. Human skin was obtained from an amputated 
leg. 
The skin was spread out on a thin sheet of damp 
cellulose sponge and the epidermis was removed with a 
Castroviejo keratotome [7] using a 0.2-mm shim. Histo-
logic examination showed that the slices contained all the 
epidermis with less than an equal amount of largely 
acellular dermis. This tissue (about 2 gm) was finely 
minced with scissors and transferred to a glass tube (25 
mm diameter) with 10 ml of ice-cold medium, containing 
0.25 M sucrose, 3.4 mM Tris-HCl, pH 7.4, at 20°C, 1 mM 
ethylene glycol -his (aminoethyl) tetra acetate (EGTA) 
[8]. The tissue was homogenized With a Polytron PT.20 
homogenizer (Kinematica, Lucerne, Switzerland) for 10 
sec at speed setting 3. The homogenate was filtered 
through nylon bolting cloth with a hole size of 0.13 mm x 
0.13 mm (Nybolt 10-132, obtained from Schweiz. Seiden-
gazefabrik A.G. , Grutlistrasse 68, Zurich, Switzerland). 
The residue was rehomogenized in a further 10 ml of 
medium and filtered. The filtered homogenate was exam-
ined by phase microscopy and the presence of many 
intact nuclei and the absence of intact single cells, other 
than a few granular and sq uamous cells, indicated 
satisfactory homogenization . The combined filtrates were 
transferred to a 50-ml polythene centrifuge tube and 
centrifuged at 2000 rpm (480 g max) for 10 min in the 8 x 
50 ml fixed-angle rotor of an MSE 18 high-speed centri-
fuge (Measuring and Scientific Equipment Ltd. , Manor 
Royal , Crawley , Sussex, England). The supernatant fluid 
was carefully removed to another 50-ml tube and cen-
trifuged at 9000 rpm (11,000 g max) for 30 min. The 
supernatant fluid was discarded, and the pellet gently 
resuspended by stirring with a test tube filled with ice. 
The thick suspension was progressively diluted with 
medium to about 20 ml and centrifuged again at 9000 
rpm for 30 min. The supernatant fluid was discarded and 
the pellet was gently resuspended in a volume of about 2 
ml of medium. 
A stepped sucrose gradient was prepared in a cellulose 
nitrate tube (25 mm diameter) with 4 ml of 2.5 M sucrose 
onto which were layered 4-ml portions of 2.0, 1.8, 1.6, 1.4, 
1.2, 1.0, and 0.8 M sucrose all containing 3.4 mM 
Tris- HCl, pH 7.4 (at 20°C) and 1 mM EGTA. The 
resuspended pellet (2 ml ) was layered on this gradient 
and centrifuged at 27,000 rpm ( 131,000 g max) for 1 hr in 
a Beckman SW27 swinging bucket rotor. After centrifu-
gation the contents of the tube were pumped out by 
displacement from below with 2.5 M sucrose and the 
output monitored at 280 nm (Isco model 640 density-
gradient fractionator with UA-4 absorbance monitor). 
Fractions were collected and slowly diluted to a sucrose 
concentration of 0.25 M with 3.4 mM Tris-HCl, pH 7.4 
(at 20°C), 1 mM EGTA. 
Preparation of Porcine and Human Nuclei 
Epidermis was obtained as previously described except 
that a 0.1-mm shim was used in the keratotome. Histo-
logic examination showed that the slices were not con-
taminated with dermis . The epidermis (about 1 gm) was 
finely minced with scissors and transferred to a glass tube 
(25 mm diameter) containing 10 ml of ice-cold 2.5% (w/v) 
citric acid [9 ]. The tissue was homogenized with the 
Polytron homogenizer for 10 sec at speed setting 3. The 
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homogenate was filtered through coarse nylon bolting 
cloth (hole size 0.13 mm x 0.13 mm) and again through 
fine bolting cloth (hole size 0.02 mm x 0.02 mm). The 
filtered homogenate was examined by phase-contrast 
microscopy and was seen to consist mainly of intact 
nuclei with some fine material and some large granular 
cells and squames. The cells were removed, albeit with 
the loss of many nuclei, by centrifuging at 800 rpm (100 g 
max) for 4 min in a swinging bucket rotor (MSE 'Minor' 
centrifuge, refrigerated). The supernatant fluid was care-
fully removed to another tube, and the nuclei sedimented 
by centrifuging at 2000 rpm (630 g max) for 10 min in a 
swinging bucket rotor . The supernatant was discarded, 
and the pellet gently resuspended in 5 ml of 0.25 M 
sucrose in 1.5% citric acid. A stepped gradient was 
prepared in a cellulose nitrate tube (25 mm diameter) 
consisting of 10 ml 1.5 M sucrose in 1.5% citric acid above 
20 ml 2.2 M sucrose in 1.5% citric acid . The suspension of 
nuclei was layered onto this gradient and centrifuged at 
20,000 rpm (63,000 g max) in a Beckman SW27 swinging 
bucket rotor for 30 min . Phase-contrast microscopic 
examination showed that the upper layer (0.25-1.5 M 
interface) consisted largely of fine particulate material, 
the lower layer (1.5-2.2 M interface) contained nuclei and 
many squames, while the pellet consisted of nuclei with 
very few squames or tissue fragments . Nuclei were 
counted in a hemocytometer. 
Preparation of Porcine and Human Epidermal Cells 
Epidermal cells were obtained essentially by the 
method of Briggaman et al (10 ]. Skin slices were removed 
with a Castroviejo keratotome [7], using a 0.3 mm shim 
and incubated in a solution of trypsin (5 mg/100 ml, Sigma 
Chemical Co. Type III) in phosphate-buffered saline at 
pH 7.4 for 2 hr at 37°C. The epidermis was then peeled 
off, shaken in buffered saline and filtered through nylon 
bolting cloth with a hole size of 0.02 mm x 0.02 mm 
(Nybolt 25 Til) . The filtrate was centrifuged at 2000 rpm 
(630 g max) for 10 min and the supernatant was dis-
carded. The cells were resuspended in phosphate-buf-
fered saline and centrifuged again at 2000 rpm for 10 min. 
This washing procedure was repeated until the cells 
were free from debris as judged by phase-contrast mi-
croscopy. 
Enzyme Estimations 
The activities of the following enzymes were measured : 
cytochrome c oxidase (EC 1.9.3.1) [11 ]; succinate dehy-
drogenase (EC 1.3.99.1) [12]; NADPH-cytochrome re-
ductase (EC 1.6.2 .4) [12 ]; glucose-6-phosphatase (EC 
3.1.3.9) [13]; leucyl-,8-naphthylamidase (EC 3.4.11.1) 
[14 ]; acid phosphatase (EC 3.1.3.2) [15 ]; and arylsulpha-
tase C (EC 3. 1.6.1) [16] . 
Respiration Measurement 
Oxygen utilization was determined pol'arographically 
[17] with a Clark type oxygen electrode in a 2-ml cell 
fitted with a water jacket and magnetic stirrer. For 
respiration measurements a suspension of mitochondria 
(0.2 ml) was added to 1.8 ml of a 0.025 M sucrose solution 
containing 0.1 M KCl, 0.01 M MgC1 2, 0.075 M KH2PO~, 
and 0.001 M EGTA adjusted to pH 6.8. 
Extraction of Lipids 
The tissue fractions (mitochondria, nuclei , or epider-
mal cells) , suspended in 1 ml of 0.25 M sucrose were 
mixed with chloroform:methanol (2:1 v/v, 12 ml). The 
supernatant solution was removed after centrifugation of 
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the mixture and the residue was reextracted twice with 2 
ml of chloroform:methanol (2:1 v/v). The combined 
extracts were washed twice with 0.2 volumes of 0.1 M KCl 
[18 ], the chloroform solution was evaporated to dryness 
under vacuum at below 40°C and the lipid residue was 
dissolved in 1.0 ml of chloroform. 
Analysis of Lipids 
Phospholipids, glycosphingolipids, and neutral lipids 
in lipid samples were separated by column and thin-layer 
chromatography as described by Gray [19,20 ]. Individ-
ual lipids were identified by comparison with standard 
lipid markers. A quantitative estimation of individual 
phospholipids in a sample was obtained by measuring the 
phosphorus content of each lipid separated by thin-layer 
chromatography. Phosphorus was estimated by the 
method of Long and Yardley [21 ]. Glycosphingolipid was 
estimated as described by Gray [22 ]. 
Free cholesterol in samples of neutral lipid was deter-
mined by gas chromatography on 3% OV1 and 3% OV17 
on Gas Chrom Q (80-100 mesh) (Applied Science Labora-
tories) at 230°C. A quantitative estimation was obtai~ed 
by including a known amount of cholesterol acetate in the 
samples as an internal standard and measuring the areas 
of the two peaks obtained on the chromatogram chart. 
Detector (flame ionization) response to various ratios of 
cholesterol and cholesterol acetate was checked for lin-
earity. Total cholesterol (i.e., free cholesterol and choles-
terol esters) was determined in the same way after 
hydrolysis of the cholesterol esters in the sample by 0.2 M 
sodium hydroxide in chloroform:methanol:water (9:35:5 
by vol) for 18 hr at 37°C. 
A semiquantitative estimation of total neutral lipid 
was obtained by separating a known sample into compo-
nents by thin-layer chromatography on microplates [20] 
of Silica Gel H with petroleum ether (60°-80°C):diethyl 
ether:acetic acid (70:30:1 by vol) as solvent. After char-
ring the compounds by spraying with 50% sulphuric acid 
(v/v) and heating for 30 min at 180°C, the intensities of 
the compounds were compared with standard marker 
compounds (cholesterol , cholesterol oleate, mono- , di -, 
and tri-glyceride (palmitate) oleic acid, n-eicosane) in a 
range of concentrations, which were also carried through 
the procedure with the sample. Amounts of cholesterol 
estimated in this way were in reasonable agreement ( ± 
10%) with those determined by gas chromatography. 
Electron Microscopy 
A suspension of mitochondria in 0.25 M sucrose con-
taining 3.4 mM of Tris-HCl, pH 7.4, and 1 mM EGTA was· 
centrifuged in a Beckman 60 Ti rotor at 40,000 rpm for 30 
min. The pellet was fixed in glutaraldehyde (2.5%) in 0.1 
M phosphate buffer, pH 7.4, for ·30 min [23], rinsed with 
0.1 M phosphate buffer and allowed to stand in buffer 
overnight. The buffer was decanted and the pellet was 
postfixed with phosphate-buffered osmic acid, dehy-
drated through graded alcohol solutions, and embedded in 
Epon resin. Sections were cut and stained with uranyl 
acetate and lead citrate and examined in the electron 
microscope. A nuclear pellet was treated in the same 
way. 
RESULTS 
Mitochondria 
Ultrastructural appearance. The "heavy" mito-
chondrial fraction was rich in intact mitochondria, 
many of which were in the condensed conformation 
many of which were in the condensed conforma-
tion [24] (Fig. 1) . The "light" mitochondrial frac-
tion consisted mostly of fragmented mitochondria 
(Fig. 2) and contained other vesicles probably de-
rived from the endoplasmic reticulum. 
Enzyme activities. In preliminary experiments, 
cytochrome c oxidase was measured in all fractions 
collected from the density gradient. The activity 
was concentrated at the 1.2-1.4 and 1.4- 1.6 M 
sucrose interfaces and these two fractions were 
designated " light" and " heavy" mitochondria re-
spectively. About 7% of the cytochrome oxidase 
activity present in the filtered homogenate was 
recovered in these two mitochondrial fractions. 
Approximately 20% of the total activity was dis-
carded with the 480 g max pellet and a further 60% 
remained in the supernatants from the centrifuga-
tions at 11 ,000 g max. The activities of several 
enzymes were measured in a preparat ion of mito-
chondria and in the original filtered homogenate 
(Tab. I) to assess the purity of the mitochondrial 
fraction. In the single preparation of human epi-
dermal mitochondria, t he distribution of cyto-
chrome c oxidase on the density gradient was 
similar to that seen with porcine mitochondria. It ' 
was not possible to measure the activities of all the 
relevant enzymes in the human preparation be-
cause of insufficient material (Tab . I). 
Respiration. The endogenous rate of respiration 
for the " heavy" mitochondria was 14 nmole oxy-
gen/mg protein/min, which was increased to 64 
nmole oxygen/mg protein/min by sodium succi-
nate at a final concentration of 0.1 M. Addition of 
FIG. 1. Electron micrograph of isolated " heavy" mito-
chondrial fraction from pig epidermis (orig. mag. x 
12,000). Scale line represents 1 J.Lm. 
426 GRAY AND YARDLEY 
FIG. 2. Electron micrograph of isolated " light" mito-
chondrial fraction from pig epidermis (orig. mag. x 
12,000). Scale line represents 1 J.Lm . 
ADP did not alter the rate of respiration, but 
Antimycin A (10 f.Lg ) reduced the respiration rate to 
the endogenous level. Addition of potassium cya-
nide (1.5 f.Lmole ) abolished respiration completely. 
Similar results were obtained when the light mito-
chondrial fraction was used. The respiration rate of 
liver mitochondria prepared by the method of 
Chappell and Hansford [8] was momentarily in-
creased when ADP was added in the presence of 
succinate. However, this coupling was not ob-
served when mitochondria were prepared from 
liver which had been homogenized, like the epi-
dermis, with the Polytron homogenizer. 
Lipid composition. Compared with the phos-
pholipid compositions of whole epidermal cells 
from both pig and human epidermis (Tab. II) the 
mitochondrial phospholipids were rich in cardi-
olipin and low in sphingomyelin ; in both pig and 
human cardiolipin, phosphatidylethanolamine 
and phosphatidylcholine account for about 85% of 
the total phosp.holipid in the mitochondria (Tab. 
II). The molar ratio of cholesterol:phospholipid 
was much lower in the mitochondria compared 
with either the whole cell or the nuclei (Tab. II) . 
Glycosphingolipid which was found in both pig and 
human epidermal cells was not detected in the 
mitochondria (Tab. II). 
The neutral lipids accounted for approximately 
25% of the total lipid (by weight) in mitochondria 
from pig epidermis and about 10% of the total lipid 
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in mitochondria from human epidermis (Tab . II). 
Cholesterol, triglycerides, free fatty acids, and 
" hydrocarbons ," separated by thin-layer chroma-
tography and identified by reference to authentic 
markers , were the major components of the neutral 
lipid fractions. With the exception of cholesterol , 
the estimation of the neutral lipids (Tab. III) was 
only semiquantitative because of the small 
amounts available. 
Nuclei 
Ultrastructural appearance. Light microscopy 
showed that our preparations of nuclei were almost 
free from contaminants other than the occasional 
squame and tissue fragment (Figs. 3, 4). Electron 
microscopy showed that the nuclei were bount1~d 
by a single membrane (Fig. 5). Fragments of the 
outer membrane were occasionally seen. Each 
nucleus contained an average of 30 pg of protein 
and 10 pg of DNA. The yield of nuclei , based on the 
DNA content of the filtered homogenate was 30%. 
One gram of pig epidermis yielded 26 million 
nuclei , and 1 gm of human epidermis yielded 51 
million nuclei. 
Lipid composition. Nuclei from both pig and 
human epidermis contained approximately 0.6 pg 
phospholipid and 0.14 pg cholesterol. Compared 
with the phospholipid compositions of either whole 
epidermal cells or mitochondria, those of the nuclei 
(Tab. II) contained proportionally much more 
phosphatidylcholine . Cardiolipin was not detecta-
ble in nuclei from either source. The molar ratios of 
cholesterol to phospholipid (Tab. II ) were lower 
than those in the whole cells. Glycosphingolipids 
were not detected in the nuclei. Neutral lipids 
TABLE I. Specific Activities of enzymes in porcine 
epidermal mitochondrial preparations compared with 
epidermal homogenates 
Epi- " Heavy" 
" Heavy" " Light" dermal mitochondria 
mito- mito- homog-chondria chondri a Epidermal en ate homogenate 
Cytochrome 158 98 10 15.8 
oxidase 408 348 16 25 .5 
285 210 12 23 .8 
Succinate de- 10.3 6.4 0.5 20.6 
hydrogenase 20.9 17.5 0.42 48.8 
. 15.1 6.3 0.5 30 .2 
.19.0 .14.7 .1.5 .12 .7 
NADPHcyto- 0.25 0.5 0.13 1.9 
chrome re- 0.6 0.2 0.14 4.3 
ductase ·o.53 ·o.53 ·o.n ·o.7 
Leucyl-,8-naph- < 1 < 1 1110 < 0.001 
thylamidase 0.53 0.82 1630 < 0.001 
Acid phospha- 234 125 535 0.44 
tase 1000 893 971 1.03 
Specific activity is expressed as nmoles substrate/mg 
protein/min. 
• Human epidermal mitochondria preparation. 
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TABLE II. Phospholipid compositions of epidermal mitochondria, nuclei, and whole epidermal cells 
Phospholipids as % of total phospholipids 
Porcine epidermis (tail) Human epidermis (leg) 
Mitochondria Nuclei Whole cell Mitochondria Nuclei Whole cell 
(4) 
Unknown compounds ND 
Cardiolipin 13.2 
Phosphatidic acid 0.9 
Phosphatidylethanolamine 28.2 
Phosphatidylserine 4.6 
Phosphatidylinositol 5.6 
Phosphatidylcholine 44.8 
Sphingomyelin 3.9 
Cholesterol/phospholipid (molar ratio) 0.14 
Glycosphingolipid/phospholipid (molar ratio) ND 
Phospholipid/total lipid (by wt) 0.77 
Values are from single analysis of pooled preparations. 
Numbers of separate preparations in parentheses. 
ND, not detected. 
TABLE III. Neutral lipid compositions of porcine and 
human epidermal mitochondria, nuclei, and whole cells 
Neutral lipid as % of total neutrallipidsa 
Porcine Human 
Mito- Whole Mito- Whole Nuclei chon- Nuclei chon-
dria cell dria cell 
Hydrocarbon 7 12 8 32 20 6 
Cholesterol 25 47 30 12 60 25 
Cholesterol 4 tr 3 1 - 2 
esters 
Triglyceride 21 15 25 25 17 25 
Diglyceride 1 - - 1 - -
Free fatty acid 6 18 20 7 7 25 
Unidentified 36 8 14 16 4 16 
a Semiquantitative, see Materials and Methods. 
accounted for about 35% of the total lipid (by 
weight) in pig nuclei and about 60% in human 
nuclei. Cholesterol and triglycerides were major 
components. Nuclei from human epidermis con-
tained a high proportion of "hydrocarbons" (Tab. 
III) and they and nuclei from pig epidermis also 
contained a large proportion of unidentified lipid 
material, most of which was more polar than 
monoglyceride (that is, it moved more slowly) 
when chromatographed on thin-layer plates of 
silica gel. 
DISCUSSION 
The preparation of epidermal subcellular organ-
elles presents two major difficulties. The first con-
cerns the extraordinary toughness of the epidermal 
cell. We were unable to rupture suspensions of 
epidermal cells by the conventional techniques 
such as homogenization with Teflon and glass 
(5) (4) (1) (2) (4) 
ND 1.0 5.0 3.0 2.0 
ND 3.2 15.5 ND 3.7 
2.0 1.0 ND 3.0 0.7 
25.0 21.0 31.0 9.0 18.6 
1.0 9.1 trace 7.0 4.0 
2.0 10.0 5.0 4.0 10.0 
55.0 37.9 38.0 65.0 40.2 
15.0 16.9 5.2 9.0 19.0 
0.24 0.38 0.07 0.22 0.38 
ND 0.12 ND ND 0.17 
0.65 0.62 0.9 0.40 0.57 
Potter-type grinders, all-glass homogenizers, 
freeze-thawing and ultrasonic treatment. Various 
types of mechanical homogenizers were tried also 
without success. It is, of course, possible to obtain 
complete disruption of epidermal cells and their 
subcellular organelles by forcing a frozen cell 
suspension through a small hole, as in the X-Press 
[25 ]. In our experience some degree of control of 
cell disruption can be obtained by starting with 
fragments of intact epidermis instead of cell sus-
pensions. Like Voigt et al [26 ], we used the 
Polytron homogenizer to break up the epidermis 
but much shorter homogenization times (10 sec) 
were used in our procedure. Under controlled 
conditions the cells were efficiently disrupted in a 
buffered sucrose medium to yield an acceptable, 
though small, proportion of whole mitochondria 
and a high proportion of cell-free nuclei. 
The solution of the first difficulty gave rise to the 
second. Because a drastic homogenization proce-
dure was necessary to disrupt intact epidermis, a 
large amount of fibrous and particulate matter was 
produced which could not be separated from either 
the mitochondria or nuclei simply by the conven-
tional techniques of differential centrifugation and 
washing [8 ]. However, relatively pure preparations 
of mitochondria were obtained by also including a 
density-gradient centrifugation step in the proce-
dure. The homogenization procedure undoubtedly 
resulted in the fragmentation of many mitochon-
dria. Furthermore, in intact viable epidermis an 
unknown proportion of the total mitochondria is 
already in a disrupted state in those cells in the 
granular layer which are being trdnsformed into 
the squamous cells of the stratum corneum. Both 
of these factors contributed to the low recovery of 
intact mitochondria and probably accounted for 
the large amount of cytochrome oxidase which 
remained in the supernatant after centrifugation 
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FIG. 3. Nuclei in a nuclear pellet isolated by density-
gradient centrifugation from a filtered homogenate of pig 
epidermis in 2.5% citric acid solution . Phase contrast 
micrograph (orig. mag. x 540). Scale = 100 /-Lm. 
at 11,000 g. Even the intact mitochondria may have 
suffered some damage in the course of the isolation 
procedure . Although they respired, they did not 
couple. Our results with liver mitochondria pre-
pared similarly supported this conclusion. 
The buffered sucrose medium used for the isola-
tion of mitochondria was not suitable for the 
isolation of clean nuclei. Many of the nuclei 
obtained in sucrose appeared to have cell frag-
ments attached to them which no combination of 
filtration and centrifugation would remove. We 
were able to isolate nuclei , free from cell debris, by 
homogenizing the epidermis in citric acid solution_ 
below pH 3 [9]. Concentrations of citric acid below 
2.4% were not as efficient in preventing contamina-
tion of the nuclei by other cell fragments. Presum-
ably the effectiveness of citric acid is due to its 
ability to solubilize the numerous bundles of fila-
ments present in the cytoplasm of the epidermal 
cell which are thought to form a stabilizing "cy-
toskeletal system" [27 ). 
The purity of the mitochondrial preparations 
was judged by electron microscopy, enzyme con-
tent , and lipid content. The virtual absence of 
leucyl-,6-naphthylamidase activity from our prepa-
rations suggested that the preparations were not 
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contaminated with plasma membrane [28,29]. So 
far, we have not found a good enzyme marker for 
epidermal endoplasmic reticulum. Glucose-
6-phosphatase is commonly used as a marker for 
endoplasmic reticulum in liver, but it is probably 
not present in epidermis for the following reasons. 
When an epidermal homogenate was incubated 
with glucose-6-phosphate in the presence of fluo-
ride, some inorganic phosphate was released, but 
due to the presence in skin of very large amounts of 
acid phosphatase (Tab. I) and the fact that fluo-
ride inhibits acid phosphatase by only 95% [13 ], we 
cannot be sure that the phosphate liberated was 
due to the action of glucose-6-phosphatase. Indeed, 
since 90% of the remaining phosphatase activity 
stayed in the supernatant after centrifugation at 
250,000 g for 2 hr, it was most unlikely that we were 
measuring glucose-6-phosphatase exclusively. Aryl 
sulphatase C has been suggested [16] as a marker 
for endoplasmic reticulum, but we have failed to 
detect any activity in epidermis with the substrate 
p-acetyl phenyl sulphate. Rowden [30] has de-
tected histochemical aryl sulphatase activity in 
epidermal lysosomes using p-nitro catechol sul-
phate as substrate. NADPH-cytochrome reductase 
which is also an accepted marker for endoplasmic 
reticulum, is present in epidermis (Tab. I) and, 
though its activity in the epidermis is low, it has 
FIG. 4. Pig epidermal nuclei. Phase contrast micro-
graph (orig. mag. x 5,600). Scale = 10 IJ.m. Details as for 
Figure 3. 
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FIG. 5. Electron micrograph of pig epidermal nuclei 
isolated by citric acid procedure. Arrows indicate rem-
nants of outer nuclear membrane. Nuclear pores are 
clearly visible in inner membrane (orig. mag x 23,000). 
Scale = 1 ~m . 
proved to be the only suitable marker so far. There 
was certainly some contamination of the prepara-
tions with endoplasmic reticulum but the levels of 
contamination were possibly less than indicated by 
the values for the NADPH-cytochrome reductase 
since there is evidence [12) that a proportion of this 
enzyme in the cell may be associated with the 
outer mitochondrial membrane. Ultrastructural 
studies have also indicated that the outer mito-
chondrial membrane is continuous with the endo-
plasmic reticulum [31,32 ]. 
The nuclei obtained after gradient density cen-
trifugation of the filtered epidermal homogenate 
were clean as judged by phase contrast microscopy 
(Figs. 3, 4) and were obtained in satisfactory yield. 
Nuclei which are bounded by only one membrane 
(Fig. 5) are characteristic of preparation proce-
dures which involve homogenizing the tissue in 
citric acid [33 ), and presumably the outer mem-
brane, which is continuous with the endoplasmic 
reticulum at many sites, was lost at the homogeni-
zation step in our procedure. The isolated nuclei 
had a protein to DNA ratio by weight of approxi-
mately 3 but the accuracy of this value is question-
able because nuclei isolated by citric acid proce-
dures may have lost some protein [33 ). From 
previous evidence [34 ), it is reasonable to conclude 
that most if not all the nuclear lipids are located 
within the nuclear membranes and therefore the 
total lipids extracted from the whole nucleus are 
qualitatively and quantitatively representative of 
the membrane lipids. The lipid composition (Tabs. 
II, Ill) of our epidermal nuclei relates only to the 
intact inner membrane and that of the outer 
membranes intact. Also in agreement is the ab-
less, the high proportion of phosphatidyl choline in 
the epidermal nuclear lipids is in agreement with 
values reported for other nuclei [35) with both 
membranes intact. Also in agreement in the ab-
sence of cardiolipin and glycosphingolipid which oc-
cur in other membranes in mammalian cells, in-
cluding epidermal cells. The molar ratio of choles-
terol to phospholipid for both pig and human 
epidermal nuclei are within the range (0.1 to 0.42) 
reported for nuclei from other tissues and are sig-
nificantly higher than the values we obtained for 
pig and human epidermal mitochondria. 
The lipid compositions of the mitochondrial 
preparations were characteristic of mitochondria 
[36,37 ), being low in cholesterol and sphingomyelin 
and rich in cardiolipin. The lipid compositions also 
sup ported the evidence from electron microscopy 
and enzyme content that the mitochondrial prepa-
rations were reasonably pure. 
It is of interest to note that both nuclei and 
mitochondria contained proportionally less sphin-
gomyelin and less cholesterol than the whole cells 
and no glycosphingolipids. This suggests that other 
membranes in the epidermal cell , especially per-
haps the plasma membrane [38), are rich in these 
three lipids. 
The values we obtained for the lipid classes 
(Tab. III) in the neutral lipid fractions isolated 
from the mitochondria and nuclei were , with the 
exception of cholesterol , semiquantitative and in-
dicate only the approximate compositions of the 
fractions. All fractions , especially those from the 
human nuclei and mitochondria, contained an 
appreciable proportion of lipids identified by chro-
matography as " hydrocarbons ." However, a posi-
tive identification of these lipids requires further 
work. Porcine and human epidermal nuclei both 
contained a high proportion of relatively polar 
unidentified neutral lipids. It is possible that a 
major component of this group may be ceramide 
(N-acyl sphingosine) (Gray , unpublished work) . 
The particular homogenization conditions and 
high concentrations of sucrose required for the 
density-gradient step of the isolation of mitochon-
dria both lead to damage of these organelles, and 
respiratory control could not be demonstrated in 
our preparations. It is also unfortunate that the 
conditions which produce clean nuclei , that is, 
citric acid and low pH, also inactivate the nuclear 
enzymes. Nevertheless, while these preparations of 
mitochondria and nuclei from epidermis do not 
bear comparison with the excellent preparations 
that can consistently be obtained from liver tissue 
[8,39), either in their morphology or their biochem-
ical integrity , we believe that they are the best 
preparations from the epidermis reported so far. 
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They also are of sufficient purity to provide much 
relevant information in the study of the membrane 
systems and metabolism of the epidermal cell. 
We thank Mrs K . M. Boyce for excellent technical 
assistance and Mr R. J. White for the electron micros-
copy . 
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